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^ s-i-ofl 9X<=>\^^. ^u. ^12. :^i3, ;*ii4 %^^7]^, <a#^ 

^ s-l-^ ^11 S]/#^ ^;^|-^ ^^^^ ^^Jil- ^11 %#^7lofl ^14 

^^^7]6\]A^ ^11 *g/#^ ^>^>s. #^«^>^ ;^ii ^s. ^^7] 

^, <a=«J-*^ S.^^ ^12 ^/#^ ^>^>S ^a^Sl^ >112 W^7H ^1^ 

^13 %^^7]'=>\]M ^12 S^/#^ ^^>S *^*>fe ^12 ^ 

S ^^^7lsq-, ;^)ll :^^^7lcHlAi ^^^1- 41^1-^ ^11 <a#^^^S. # 

^^>^ ^14 ^^^71611 ^]^^- 

^ ^12 ^^s. ^s. ^^715^-, ^12 %^^■7]o\]^^ ^^:&» ^^i^ 42 

^^7H1 ;*ll^§>^ ;^13 ^^S. ^S. ^^711- 5L^^l-c^ 
S. 2 
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^^^^^^ £-i-{Bi directional Optical Amplifier} 



S. la, b. c. '^f^o^^ ^^1^ S.^^ ^]^]^. 

£ 2^ ^ 't^^ €^l<^lofl ^c^«ol-*J= 2-^^ 

S. 3a. b. c, d^ £ 2^11 ^^-Jd^ ^^^]^ ^^S. 

£ 4^ £ 2^ <y=«J-*c!= W# S.l-<Hl^i cf^^^^Hl ^tfl^<i--£ ^^(RIN: 

Relative Intensity Noise)^ M-b}-M1 S.^ 

£ 5a, b, c, d, e^ ^ ^^<Hl 4^ «a='!j-^ ^^1^ 3.^s\ t^^ ^ 

£ 6^ ^ SEcf^- ^Al<^lo)l 4^ ^^M. 

£ 7^ ^ M-^d\] vc^^ ^a-^jo) ^^s. s.^o:^ ^^S.. 



^ *^J=«<}-^ ^^Hl^^i ^-^^-fi-M- ^4i^Hl ^t!: a.^ 
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*a=1>^^ a^Cbidirectional optical ampl i f ier)<Hl ^^S.>H. ^^1 *a= 

"<3-^ ^-1-^^ ^9191 i4#^>^]-(multiple reflection)* ^^Hl^ ^ 9X^^ , 

^^H^ ^ 'y^^j-^ ^f^^ SI- (multi-stage bidirectional optical 

amplifier)<Hl ^tt 3J*^li=V. 

-a-* -i-^ >HS iJ-^-^s. ^^t!:cf. ^'S-B-sl <>l-§- 5L^* ^ 

-f ^^^-6- i^'^'fl^i^ ^wl^i^ (optical nonlinearity) ^^o^* ^i^l^ ^ ^^o] 

<io> ^^loflAi^ ^^€(Rayleigh back 

scatter ing)<ilM- ^^^> ^«>^V( optical ref lection) <Hl ^efl -^^S]^ nf^ ^^}% 

^^^7> <^^^ ^ 9X^. ^^^^^ ±7.}o\] ^^^s] iA^s:> 

*>7ll ^cf. *3=1}-^ cl-^^A># ^;H1*>^>HJ£ Jl4^^^ 

<12> £ 1^ Al-g-£]o]^ ^sflo^ <^a}-^ol :^^^7]o^ 0^]^! ^^iE 
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<I3> s. lao\] ^^]^ o]^ ;*ll5.815,308J:(^^l: 

Bidirectional Optical Ampl i f ier)*!] 7flA]^ wj-s]- ^^S.^^, 'a=«J-^ ^^#7]!: 

(Bidirectional Optical Amplifier: BOAl. B0A2) A>oloii ^.y^ 7}^ hI-a} ^;»ll7l(FmA: 
Frequency Tunable Reflection AttenuatorXllO)* ^SJ^H 4# ^^>* ^^1^^. ^j- 
^ «]-A> ^;Hl7l(110)^ «o^^^^ ^^7] (Directional Coupler: dC)s^, tfl^^^l 
^7flsl cfl^ ^i-ji). ^eKOBPF: Optical Band Pass Fi lter)(112a, 112b)5i|-, ^7fls1 
^^^^(Iso: Isolator)(114a, 114b)^ >^>-§-*H , ^^V^*^! ^^§^(114a, llb)<:>li4 
n]^ ^Jif ^EKll2a. 112b)<='fl 7>^cf. oln^ z^- <y:«j.*j: :^ 

f^^7l(B0Al, B0A2)^ ofls^g- ^7> ^'^-^-(EDF: Erbium-Doped Fiber ampl if ier)iif, ^S. 

4o]^jB(Pump LD)sq-, ^-9-^ ##7l«Hl ;^]^^7l 

7] (WDM: Wavelength Division Multiplexer)!- ^wl^bcf. 
<14> s. lb<^l iA]^ Bj-sf £1-(C. H. Kim and Y. C. Chung 2.5 Gb/s x 

16-Channel bidirectional WIM transmission system using bidirectional Erbium-doped 
fiber amplifier based on spectrally interleaved synchronized Etalon Filters, IEEE 
Photon. Technol. Lett., vol. 11, no. 6, pp. 745-747, June 1999)^ 

^^*>7l ^ffl ^7flsl 2^ ^##7] (two-stage unidirectional 

amplifier)^!]- ^-^l^eflolEK optical circulatorXCir)^ ^^*]-<^ ^-^^SI^^d^, z]- 2^ 
W^7ll- ^A^^m ^ 7l)^ ^^7l(EDF)^ #:?]:^(mid-stage)<Hl z^-z]- 

i4€- ^7l^^ ofl^^ Synchronized Etalon Filterl, 2)^ ^ 

<i5> s. lc<Hl W# S.1-(S. Radic, A. Srivastava. T. Nielsen, J. Centanni , 
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and C. Wolf, 25 GHz interleaved bidirectional transmission at 10 Gb/s, , PD7, 2000 
)•& ^7^^ 2^ ^1}-^ ^f^^7l (two-stage unidirectional amplifier)!- iilcfl ^ 
^7Uwavelength inter leaver )(IL)^ ^^J"^ ^^^7] 

^^<^l>^i ^##7l(U0A)«fl ^al3£lfe ^^^^^^ iaifl 4^7] oil ^*fl 4# ^^>^<^1 

£. Id^ ai-^ i^l^ :*fl6,018,4043l(^%1: BIDIRECTIONAL OPTICAL 

TELECOMMUNICATION SYSTEM COMPRISING A BIDIREaiONAL OPTICAL AMPLIFIER)<^1 711^]^ «> 

^ ^-Br <a=«J-^-^S ^^5]-^ ^sj-l- ^^7l(WSC : Wavelength 

Selective Coupler)* ^eltt ^, ^}^^ ^^^^^^^ €^7l» o]^^ 

wj-ssf ^o] 3}.^ ttj-^oflA^ o.^ -f-Sfl iiCf >^>H1 

^] ^]^^ B).:^A1^>^J 1^^71(141)* -i-^^H ;^12^^71(142)<^1 

^^471(150)1- ^#^7](150)ofl^i ^ 

^13^^71 (143)<^1'H *>^>^°^ ^14^^71(144)1- -f^ ^^*>7ll ^4. 

^]^^ 3.^^]^^^ 2|-^^^AJ ^^71 si- ^^#71 lfl-f-<^l Af^Sl^ :^Cf 

t!-^, 'a^^J-*^ -§-^ ^cfll- ^#^iE(bit rate)!- 

^olTlM- trl-^^sl^ ^11^ ^* #7>Al7lBl^ ^'g-R-dDCF : Dispersion 

Compensating Fiber)^!- ^^^7] igf}^7l(gain flattening filter) ^>-§-*H 
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(multi-stage) ^^^■7]Q] #^^(mid-stage)<^l -a-^^Js^^dl , ^^7] S. la. b, c. d^fl ^1 

<18> s.o|^ ^ laoil a>sq- 3.^ci\]M^ <3=«j-^^S- ^^^|-^ ^ 

^^7> :^^^7l#(B0Al. B0A2)«>llAi -^Alofl ^M. ^ ^ ojcf. ^V^It?]-, efl^eflo] 

^'^^i-*^! ^^^^ ^^SL^ conventional single mode fiber)iicf ^ M.^ 

^^^-fr* sl-^t 7]-^ uVA)- ^;Hl7l(FTRA)(110) i^-^<Hl A>-g-^V'=^ 
^B]■^^^ 4i^>7> ^^3r>i:^.. , ole^tF ^##7l^ 

^711 Si oj:«j-^ :^^^7](B0A1, B0A2)* AV-g-sV^dl , :^^^7l^ ^Hl 

^ol ^^^^B-S. ^^(lasing)3r>7lM- l-*?]:^ (unstable)*!]^ -f ^7> 9X^. 
<19> £ Ibfif £ ic^] 2.^«^l^i^ 

^ 2^ ^^^7l# A>-g-*>:E.s. dt^>£ ^J:^ ^19 «^^<H1 tti-ei. ^^s. 

<2o> £ idofl £A]^ w>sq- -S-l-'HlAi^ ^VM-^ ^^#7] 71- <a=«j-^o.^ 

^>fe ^^^* ^^*>:a, ^ <y=«J-*J=^s ^^^7}- ^ 

^. ^B-S. ^-i-^l^Cnoise figure)7l- u}-^ ^^o] oj^z^, 
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<22> rthej-Al oj:wj.^ ;g.^]o^ ^SflA^^ ol^a-oflA^ :^]7]^ ^^1^* ^^*>^ 

<24> ^ ^^5] ^i^l^O.^ ^^^^ ^ :^^^7l« ^1^^ 

<25> ^ ^tgo^ ^c^.^. S.^^ ^A^o. ^2fl5l^ H]^^ ^^^-^ ^^^^ 

<26> >^7it!: ^^^s>7] ^ ^^«o^*j= s-i-ofl 9X'^^^, ^n, ^1 

4i^>si-, 2.1-31 ;*)u <a/#^ ^;^>s. <g^s)^ 

^11 ^^#7lo)] ^I^SH, ^14 W^7]ol]A-1 #^J^^ ^11 <a/#^ ^;^>S # 

^11 ^s. -^^715^-, <a=«j-*j= 2.1-^ ^12 <a/#^ ^A>s <a^5i^ 
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*>7l ^^l^ol-^A^ ^;,]. =2}- S.^ A>*J-#ol l^Bl-ul-JL ^^Cfl o]^ 

<28> ^ ^^fil ^ ^Al<^l<Hl nq-^ <a=«<J-^ S.^^ £ 2i4 ^o] ^^^^cf. £. 2<^1 

^^3171- ^^-^s. ^^s>fe ^^S7l- ;H12 

<29> ;*lll '^^/%^ ^^HPDS. *>*J=^^fe ^11 4^^^ ^^71(WSC1)» ;?fli 

^«cJ-*J= ^#^7l(U0A 1 : Unidirectional Optical Amplifier 1)<^1>«^ ^, A]l ^ 

**ll-^lolBl(Cirl)l- 7]^ 4i^]-(niid-stage device)(211)S. ^^^gcf. 

4i^>(2ii)« ^3]-^ n^^^s.^ m ^^i-5fl<^iEi(cir2)# 7]^ m ^i}-*^ %^^■7] 
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(UOA 3)<HlAi ^, sl-^-id^ ^^7l(WSC2)-I- 7]^ ^^>(P2)S. # 

<30> ;«fl2 <g/#^ ^:^>(P2)S "^^^ ^^^^^ >I12 sl-:^-^}^ ^^7l(WSC2)* 7] 

^ ^«J-*J= ^#^7l(U0A2)o|lAi #3.^ ^, ;(112 ^>«ll-5llolBl(Cir2)» f-^^ 
■ di^K211)^ ^^^cf. -i-sft!- ^11 ^^l-2ll<^lBl(Cirl)l- 7] 

^ ^«o^^ %^^7l(U0A4)<^l>H ^. ^11 ^^7l(WSCl)# 71^ ;^ll 

"a/#^^^KPi)s 

<3i> >^7lS!f ^ a-i-<Hl #:?]:^ ih^>(211)S^ ^-J:!: 

^-5- ^iTl-g- ^B](ASE rejection filter), n^JL ^^^{9 S^*>7l 7>^ 

<32> -^7] S.^o\] A>-g-s1^ :^^S-7is.(uoAl, U0A2, U0A3, U0A4)* 

^ aVS-^l ^#^7l (semiconductor optical amplifier), "^l =.-g-(Er) , ^s^-^Si^^iPr) 
l-#(Tm) -^^ <^1-g-t!- ^S.^ ^7> ^-g-e- ^^7l, Bl-'jlrCRaman) ^^^7] # 

^ ^^^^(optical isolator)*^! >^>-§-€ ^ SJcf. 

<33> s. 2<H1 S-^m ^"^^^ ^^7l(WSCl, WSC2)«^1>H S-*^ ^/#^ 

^;^H1 'i^^^ ^*^^>(a)5+ ^11, ^12 ^«cJ-^ ^^^7l(ljOAl, U0A2)^ 'iJ^^^Hl 

^ ^13, ^14 ^1}-^ ^f^^7](U0A3. U0A4)2l #^^;^H1 ^^^^ «a^^^>(c) >^]-oHl^ 
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Sl^ ^^*>^ cfl^ ^^(ban-split)l}-^ Stfl 

(wavelength-interleaved) <Hi=- *>M-ol4. ^1]^ ^cfl«^^ 

^ tbcf. £ 3a^ tfl^ Mfl^l^ «y=^*J= ^Jil- ^e)/€^^ 91^ 

^ T=1-#5l-7](WDM: Wavelength Division Multiplexer)7> i:fl^^<y '^]^]^. 

<36> oifi^^ 3a«Hl S-A]^ tH^ iJ-^-^S- wfl^l^ ^el/ 

(Cir)5q- ^71]S1 t:fl^-i-3!)-^Ei(BFl. BF2)S. ^ Si^. ^>-§-sl^ ;^ll. ^12 

tfl^:^5z)-^Bl(BFl, BF2)^ ^f-^cfl^ji}- ^mcfl^ol a^s. ^xflolcf. >^7l ^^^^^ ^ 
^7m ^>M-S1 ^g^(c), #^(b). ^-i-(a)^^>l- 7>^ *>i4^ ^'^#ellolBl(Cir)s)-. 

^^31^ ^>^^V^ ^11 cfl^^^^BlCBFDsl-, *>M-^ #^ ^^V* 7}7]^ ^7] ^] 

1 tfl^:i-uil.^El(BFl)i4 ^3}- ^ ^V^ifl^o] uVcflol ;*112 t^^^^^^m2)S. 
^7] ^^^^BllolEKCir)^ #^ -^7] ;^ll cfl^-i-4^El(BFl)^ ^^Hl 
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S\JL, ^7] ^*Hl-sl]o]El(Cir)^ ^^7] ^12 tfl^:i-j2).^El(BF2)^ #^ ^7]- 

<37> s. 3c^ iiitil o.^ Bfl^m ^e)/^^ ^ ^ SZ^ 

ifl ^^7l (wavelength interleaver)7> cflS^^ 
<38> sj.^ iEcfl «o^^^S. al);^m 'a^lJ-^ ^el/^^t- ^ 9X^ 4^^^ ^^7] 

(WSC)^ £ 3d<Hl iEA]^ H><2f :y-oi ^l-q-o^ ^^^^]o]B\(Cir)9\- ^7^2] ^ ^EiCCFl, 
CF2)S ^ ^cV. ^-f ^>-§-£]^ ^ €£1(CF1, CF2)^ ^^atb ^7]^ #2)-cfl^ 

o] aV^£|xliLV, ^32|-i:fl^S] ^cfl^jtol ^71^1 «>i?>^ /-is. 'a<H^^. ^. ^7] 3^^^!^ 
^^7l^ ^VM-^ ^^^(c). #^(b). ^■i-(a)^;^># 7>^ ^>M-^ ^^^n<=>]^UCir)^, 

<U^, #^ ^^>lr 7}^]^ *^ ^m^fe 54^J-'cfl^ol <^^^^7]S. ^^^^ 

# ^^(CFl)si[. *>i+oi oj^, ^>c>l. ^7l >1]1 # ^El(CFl)2l 

-i-^/^mtH^az}. ^>^/^Jil-cfl^ol <a^le>^ ^12 # €Ei(CF2)S. -^71 
e^lo1E•^(Cir)2^ ^^ ^;^>(b)^ ^7] ^ ^Ei(CFl)^ ^^Hl ^S^^Jl, -^7] ^ 

<39> S. 4^ S. "^f^j-^ ^##71 # A>-g-t!- <?f«J-^ ^^H>^i ^-^^Aj-csfl o^tF 

^tfl^J-£ ^^(RIN: Relative Intensity Noise)^ "^^S J^^lt!: ^^S, £ 4<H1 
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tfl^cht ^^5^S7> £ 4«^l^i R14 R2^ ^^^7]^ ^ *a/#^ 

^^XPl, P2)oll^i ^^t!: ^^-g- ^^^-e-^ ^^^^ , ^#-8- ^^^^2] 

<40> ^ ^^6\] ttj-s s.^^ A>-g-^ oj:wj.*j: ^^^loflAi ^/^S]^ ^^t!- ^ 

cfl7<j-£ ^71-^1 ^^7} w>, ^cfl7^£ ^^(RiNi)^ <a=«c)-^ ^ 

#4 2.1-^ ^^oii ^^-§- ^'^^-^si- ^:?>c} dl7\ml)<^]^^^ ^AHi 

^cf. o] yis.<^]A^^ ^;^K2ll)<Hl ^*c^ ^S.^ ''i^^o] ^A].^ ^, >114 

^1J-*J= ^^^7UU0A4)<Hl^i ^^slJi, sJ-^^HB ^^7] (WSC1)<>)1 ^1 ^, cfA] 

^^-§- ^^-B-<^l^i ^^>sl<H ^^^^^^ ^^5^cf. ^1 ^s.<^l^i 

>a-cfl7^S. s|-^Ai^ ^^7l(WSCl)<^l>H ^^(attenuation)^t:l-. 

<4i> ;«fl2 ^cfl^j-s ^^(RIN2)^ 4i^>(211)Si- <a=«j-^ ^^d\] c^:^^ 

^ ^Af^ Al:£7]. ;^]2 5^^^^ ^^7l(WSC2)ollAi ^, »12 ^«cJ-^ 

^#^7](U0A2)ollAi CfA] >h^K211)<^lAi ^Aj-Slol b:)-*^: >50sii)- 

o_^^^ ^Aj^cf. o] ^g^oflA^ ^^^5]^ ^t]i\7^S. ^-g-^ ^12 Sj-^AllH ^^7l(WSC2)<Hl 
^^ ^i5fl(attenuation)€^-. 
<42> ol<2f :^o] ^ ^t^ofl rc).^ :^^^7ll- A]-^^ oj:«j.^ ^^Hl^i ^^^^S)^ ^ 

^^^S. sj-^^^ ^^7l(WSCl,WSC2)ofl 2]^ ^ifl^cf. a]-el-Ai oj:«j.^ 

<^>Me^- ^-a-ja-^ M-B-fil- 5fl^ell«^l ^^^7} ^ ^^}Mr 
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<43> £ 5a. b. c. d. ^ ^^'^<^1 3.^^ ^^1 <^l-i-c>lci.. 

S. 5a^] S.^^ S. 2ofl HA]^ wffif ^^6\]A^ ^11 

^^7l(WSCl)Sl- %>^*ll-^l<ilEl(Cirl)Sl ^^l* «]-^ SEt!- 5b«Hl £ 

^3^^ S.^^ S. 5aS] S-lrofl-H ^12 sh^-id^ ^^7l(WSC2)s+ ;*ll2 ^^Hl" 

5ll^lEi(Cir2)^ ^1-^ w}^ ^l&itb £ 5a, £ 5b<^l £^1^ 2.1-«fl 

^^5^1^ ^tfl 7j-£ £ 2^1 3.^^ ^-^sq- -^<a*>4. 

^ sh^^id^ ^^7lS cfl^l5>^ ^J-:£ #<a ^ ^c]-. ^, £ 

5c<^l S-l-'^l^H^ ^cfl :g-^(RINl. RIN2)ol Sa]^ 

<45> sEt!" £ 5c^l £^1^ 3.^^]^^ Bl-^^^ ^^7l(WSCl)l- 

olEiCCirDS. tfl^lsrH £ 5dofl £Al€ 2.^^ '=^^i^}7]^-, ^ ^b^J" 

^^7l(WSC3)S 1-511 ol el (Cirl)S. tW^]^}c^ £e«^l JE^l^ w>s>|- a. 

<46> £ 7^ ^ ^'^^ ^^"Hl ttl-S. oj:«j.^ ^^]o^ _£=o^ ^^^^A^ , 

^7l £ 2^11^1 i£ 5<^1 W# -E-l-i- i4E]-ifl$icl.. £ 7^ 

s-l-^ >ili <a/#^ ^^>(Pi)5^ ^li^(i)<^l <?!^5]<H SJ^si^ «^>^ 
;^13^(3)^S- ;H12^(2)^^ ^^^^ ;^ll^(l)^5. #^ 

s^>^ ;^ll ^^S. ^S. ^^^7l(PSl)2}-. ;^lll ^^7l(PSl)2l ;^13^^^ #^£l 

^ ^#«>^ %##7l(0Al)i2l-. >fll ^-a^ ^5. ^^7l(PSl)fi^ ;H12^^ 

s. ^^^1- %^#7](0A4)si-. >iii ^#^7i(0Ai)«HiAi 
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S\o] ;^12^(2)-^^ ^U^i-(l)-^^ #^*>^ ^^ll^-^S. 

o]^£l^ ^13^(3)^ W#7l(0A4)S. #^s>^ ^ 

^^7l(PS2)* ^^^^ 

ai-^ «a/#^ ^^KP2)fi1- ^im(l) «?1^5]o] oJ^^^ ^ 
*c!= ^13^(3)-^S. ^12^(2) '^^^s]^ ^i-^j: Ai^i- ;^llc^:(l)o.s # 

^14 ^S. ^^7l(PS4)Sl-. >fl4 ^^7l(PS4)Sl ;ill3c1^o.^ ^^ 

#^*>^ ^12 ^##7l(0A2)sq-, ;^14 ^^J71(PS4)S1 ;s)l2^ 

o.^ 3^>^ ^^^1- #^^]-^ ^13 ^^^■7](0A3)^, ^12 ^^^7l(0A2)ollA-1 ^ 

s.5]oi ^^s\^ ^1-^ ^^^1- >ii2^(2)-^s <g^^<^> >)ii^(i)^s- ^'^^vi^ >iii^-^ 

^ ^g^sl^ ;^13^(3)* m ^#^7l(0A3)S- #^*>^ >I13 

^S. ^^7l(PS3)» i^^M ^^d^^, -^71 ^]2, ^^S. ^S. >i^7l(PS2, 

PS3) ^ll^3f Oj:Cfo] C^^S\0] OJ^^Sj^ Al^Ol] 

^ell- ^^*>^ ^^K211)» ^Hlt!:^-. <^H -^-71 41^X211)^ ^ 

^> ^t!: ^#^71 o]^ 3gE]-S|-^ ^tl- ^^#7lSl ^171. 

^^J:^ SEfe oll-o) S^O.^ ol^<H^l4. '^7loilAi Z^-Z]-o] :^ 

^7] s. 7<^ a>sq. ^^^^ 7>^1^ 2.1-<H1>H ^Ai^s) # 

^-S-^. ^^-1 ^11 ^/#^ ^^>(Pi) -> ^11 ^S- 'i^7l(psi) -> 

^11 %^^7l(0Al) -> ^12 ^S. ^^7l(PS2) -> 4i^>(211) -> ;^13 ^^SL 

^>§7l(PS3) -> m ^#-^7l(0A3) -> ;«fl4 ^^7](PS4) -> y^]2 ^/-t 

^ ^?:^]-(PS2)S ^l^s>7ll ^cf. 'a-^ ^12 *a/#^ ^^1-(P2) -> ^ 
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^ ^^7l(PS4) -> ^12 ^##7](0A2) -> ^13 ^S. ^^7l(PS3) -> 

(211) -> ^^7l(PS2) -> ^14 ^#^7l(0A4) -> ^S. 

71 (PSD -> ^11 *a/#^ ^;^KPSi)S- ^m}7\] 

^. W# s-l-^ ^11 *a/#^ ^^KPDS ^>*^ ^JiCa^ ifl^)^ ^11 sj-^-Jd 

^ ^^7UWSC5)* ;(|15 W#7l(U0A5)«Hl^i ^, >)]7 4^-^^ 

7l(wsC7)oflAi ^^(^^)51- ^. db;^>(211)S '^^^1=1-. f-^^ 

^^1-(211)1- -f-sftl: ^18 sj-^-a^ ^^7l(WSC8)«^l>^i ^^s^ ^sl€ ^, 

^17 ^«o^*J= ^#^7l(U0A3)<^l^i ^16 2t-^^E« ^^7l(WSC6)» 7]^ S. 

1-^ ^12 <^/%^^7^(P2m #^^1=1-. 

<50> 3,^s] ;5ll2 'y/^^ ^;^KP2)^ ^1-^ ^16 sl-:^^^ ^^7] 

(WSC6)1- 71^ ;^16 ^«<j-^ ^#^7l(U0A6)«^lAi ^, ^17 sj-^^^ ^^7] (WSC7)oil 

>H ^, :t>c>(211)S. ^^^nf. :5i;^K211)« -f-Jij-^ 

-^^^J^^ ^18 3^^-^^ ^^7l(WSC8)<^l^i s:]-^ ^Bl^ ^, ;*118 

7l(U0A8)oll>^i ^. ^15 ^^7l(WSC5)» 7]^ 2.1-^ ;^ll <a/#^ 

^ i;^K2ll)l- :ii^K2ll) i^«^]>H -S-^^tb «oi-*J=-^s ^^fl:i=l-^ 

<52> >a-7ifii- ^^^ofl si«fl ^ ^i^si ^^goii 4^ s.^o] o]^o]^ 
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§>u|-o^ f^^^ :4i^>^ <y=«]-*J=^S. 4i^l-7> 
3.^ ^^^^ iiCf ^71 nfl&<^l <a=«J-*^^S. ^^b:>^ ^ oxt]., 

<57> A^^^ ^ UVx^ofl n).^ Oj:«j.eJ: ^^S. ^^.o)] ^fCj^J:^^ 7].;5l Cj-Hj-Sj: 
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[^^^J- 11 

•a^^^^ S.1-OI1 
^1 1 W^7]S)-, 
^12 W^7lsV, 
^1 3 ^^^■7]s^^, 

^7M ^14 %^^■7MA^ ^^jii- ^7] m <a/#^ ^^>s 

^^^^^^ 3.^2] <a/#^ ^^v^ ^^si^ >^7i >ni2 
^■7M ^1^^1-1^, ^13 ^^^■7]o\]A^ #^5]^ ^^^1- ^7i p^i2 ^^v^ 

#^s:>^ ^12 ^^J: ^S. ^^7lsq-. 

^7] ;5lll %^#7l«:>ll>H ^^^1- ^7l ^:?>^ ih^l-S^ >lll •a^^c^.O.^ 

#7loll ^1^*>fe ^12 ^^S. ^S. ^^^7lSq-, 

^71 ;*112 %^^7]ollA^ #^5]^ ^7l di7.}si\ :^]2 <^W^^^S. 

^7] #:?)-^ ;H12 <a#^^ ^.^-^-E] ^^Jl* ^7] ^HlS^^ 
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^7] oil ^13 ^^7l# if-^l-<^ ^^i-^S. t}^ 3. 

s . 

2] 
3] 

2, ;^13 ^^^^7]^ ^^^^^ ^^7l<y* ^^1-^^ s^V^ S.1-. 

41 

[^^■t 5] 

^ll^^^il ^11. ^12, ;H13, ^14 ^S. ^^7l^ sj-^-Jd^ ^^7l 
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^ll*oHl 9X'=^^^, ^7] m, ^12. ^13, ^^S. ^S. ^^7l^ # 



^tb # *}-^ s.#. 



[^^%^- 81 

*a=«j-^-^s. ^^*>^ *>w^^ ^^^» #^*>7i ^tt ^u. ^12 ^/#^ 

^al^ Oj:lg.^ S_^6\] ^o]A^, 

^7l ;Hli <y/#^ 3L:e6ii ^-i-^7;l-7> <a=«oV§o.^ ^^^m ^ 

Bl/^^* ^1i^>^ ^11 ^^^^^ ^^7131-. 
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^^/^^^ ^12 ^^^^^ ^^7121-, 

^71 ^12 Sj.^J-'Jd^ ^^7]^ <a^^^Hl #^^^>7> <?1^^ ;^13 ^«o^^ :^#^7lSl- 

*^^^^#^<H:£ ^>i4* 7M^ i;^># i^*>t^ ^^^s. 

W# 2.1- . 
[^^IJ- 9] 

o<f«J-«J=o.s ^18*1-^ #^«>7l ^t!" ^11, ^12 'a/^^ i^* 

^al^V ai-oil ^<HAi, 

;flll <a/#^ iM<Hl ^-i-^^>7> ^^slol <a=«^^^s. ^^^V^ ^^^^ 
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4^ ^J^^^l-^ #^^^]-7> ^]1 4^^^ 4^7lS!l-, 

^7l >112 'a/#^ 5E.S.«^] ^l-^;^>7l- ^:i5]<H *a=«<J-^-^S ^^*>^ ^^tlSSl ^E) 
/^^^ ^^*V^ ^12 34^^^ m^7lSi)-. 

^. 

^7] ;^12 ^^7lSl <?]^^>^H1 #^^^>7> <^^€ ;^13 

W#7l<4. 

^7] ^12 :^#^7l^ #^^^>^ -^7] ^13 :t^^7l^ ^ ^^H] 

^7] ;^ll 51-^^^ ^^7l5l ^^^^M ^7] ^^^^]o]^S] cJ^V A>ol 

¥^ ^171, ^^J:5] 3}-^^ 2:^* ^tt ^ ^VM-l- 7>^1^ :i:^> 

» 5L^*H 2.1- . 

[^^^J- 10 J 

'a=«o^*J=^^ ^^s:]-^ ^]-^/^*J= ^^■^7] 42 ^/#^ 5LM# 

^wltb S.^^] 9Xo]^^, 

^7] m *a/#^ ^-i-^;^]-7> <a=«j-^o.^ ^19*>^ ^ 

^^/^^* ^^s^>^ ^11 'i^^^]^]^s^. 
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el/^^^ ^12 

<y^c1-^>Sq- #^^^l-7> o^^^ ^12 Sl-^^^ m^7l5q-. 

^1-71 ^11, ^12 ^-^715] ^^cf^> A>o]o11 <a^£ll^. ti^^ >;= 

^, W#7l olS. 3g^^l- ^t!" ^#^7lSl ^-S- ;^171. ^AlJ:o^ 5^^^ ^ 

^tb ^ a^c>i£ srl-m- 7}^]^ ^^>1- iE^sH ^^^^1- 

m^^^ 11] 

'y:«^*J=O.S. ^^s:]-^ Br>ej:/Aj.^ #^^>7l ^tb >H]1. ^12 ^/#^ imi- 

^ajtb *a=«o^*J= 3.^^] SJ^H^i. 

21/^^^ ^iJ^^m ^^^^ ^^7]9^, 
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Aj-71 <g^^xH] #^^:^>7> >114 W#7l 

Si-, 

51/^^-8: ^^*V^ ^12 i^^^Jd^ ^^7l5!l-. 

^7l ;H12 ^^^^ ^^7]^ #^^;^H1 *^3^^^1-7> ^12 
:^^^7lS>)-. 

>a-7l >il2 sl-^-^d^ ^^7ls] <g'^^^Hl #^^;^>7> m ^^#7] 

^7} ^12 ^U-^ ^^^7)21 #^^;^>S|- ^7l >^13 ^^^7]^ SJ^^^Hl 

-^71 m. ^14 34^^^ ^^7]S] ^^^^V A>oHl o^^S)^. ^-a: ^^4r ^ 
n^^a ^ ^<=>]S. ^>M-» 7>^]fe f^^Vc^- s.%^<^ ^1- 
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12J 

'a=lJ-*j=-2-S- ^^^m ^VW^^^ ^^^1- ^#^1-7] 41, 42 S^/#^ 
2-l-<Hl ^Zc^Ai, 

^7i ;^i2 ^/#^ ^^^^]-7> s^^£i<>i "y^^j-*^-^^ ^«S*>^ ^^S.^ ^ 

>^7i ^12 ^-^^^ ^^7i^ #^^;^H1 *a^^^>7> 42 ^«J-*c!= 

;^12 ^^7l5^ <a^^;^Hl #^^^>7> 43 ^^^^^ %^^■7] 

^7] 42 ^ij-^ ^^^-7)9] ^^^7.}9\. ^7] 43 %^^■7]o\ <un^y^}4 

^J-71 ;^ll, ^13 s|.:g->«d^ ^^7]s\ A].olofl ^-bl: ^tb ^ 

^, W^7l cl^. 3g^^^ ^t!: ^1^^7121 ;^l7l. 511-^ 3i 

^t!r ^ 7M^ #:?>c} 4i^>» 3L^^>c^ #^1^5. *V 
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13] 

'y=«j-*j=-^s. *>^/^^ ^^^m ^^■^}y] ^u. ^12 <a/#^ ^.s-i- 
^tiitb 'a^ij-^j^ s.^^] sx<=>]M, 

el/^^* ^11 sl-^-Jd^ ^^7l<4, 

^71 ;^ll Sl-^J-^^ ^^7]^ SJ^^^Hl #^^^>7> <?1^€ ^14 ^«o^^ W#7l 

^71 ;^ll ^^^^ ^^^71 SI #^^;^>i2l- >a-7l >1]4 %^^7l2l <a^^^Hl 

^7] "U/^^ ^Mofl ^^^;^>7> ^^3£lc^1 <a=«j-^0.^ ^^^>^ ^^^fil ^ 

Bl/^^* ^12 34^^^ ^^7lfi1-. 

^7l ^^7]^ #^^^H1 *a^^^l-7l- o^^^ ;H]2 ^tl]-^ 

^^#714. 

^71 ^^7]9] ^^^;^hi ^^^:^i.7> <^^^ m ^^#7i 
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>a-7l ^11 ^-i-^^VSl- ^7] ;tfl3 ^^-id^ A}o]6^ 

¥^ ^171. ^A]^o^ 2,^^ ^ ^o]s. ^VM-l- 7>^l^ i 

[^^•t 14) 

^'a-B- ^#7l. «>E.^1 W#7l, 51-^ ^##71 ^ 0]}=^ ^>^<a^ ^^I^S. 
^ 2.1-. 
. l^^^J- 15] 

^ ^^S* ^^*>7m- ^Els^m 4^ t:f^^7lS. t}^ 

[^^•^j- 16] 
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^cfl^ol «]:^^ ^12 cH^#jq-^Ei^ ^^^^^ ^^^^^ sr>^ -2-1:. 



[^T^*^ 171 

^^^^ ^^^>>IM- ^ej^m ^A^^# ^^-^S % 



[^^D- 18] 

3}- SE^ ^msl^ Cfl^o] pjs) ^71^ ^45)^ ^]1 # ^Bl^q-. ^^71 

^ ^Elsq- -^<a*>t»^ zi ^tfl^o] ^7lsi w}-^^ ;^)12 # ^b^S 

s 2-1- . 

[^^«c(- 191 

*a=«<}-*^-^s. ^^«^>^ «^>^/^*j= ^-ii^* ^#*>7i m. ^.s* 

'^f^J-^J^ -S-1-<H1 
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^/^^^ ^^^^ sf^J-a^ ^^7]^, 

45 4^^^ ^^^^Hl #^^;^>7> oi^^ ;^18 ^«o>*J= 

^7] 46 3^^^^ ^^7l5] «3^^;^V'^1 #^^;^>7> <a^^ 47 ^«<}-^ 

-^71 45, 46 ^^^71 #^^^H1 41, 42 ^;^>7> zj-z^- <g 

^€ 47 ^^715+, 

^^7] 47, 48 ^1}-^ #^7l z^-z^-^ ^^^>^H1 41. 42 #^^^V7> z^-z^- o^^^ 

48 ^^7lSq-. 

^J-71 47, 48 2l-^^^B« ^^7l^ AHofl c^^5|c^, ^.^V^ ^-^ ^ 

^. ^^^7l o]^. ^^#7lSl ^-g- ^^ 471. 3: 

^1- ^tb 7M^ f^^^ ^;^>» i^^m T^^^^* ^^^S. 
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20] 

^119*^ofl 9X^^^. ^71 ^^^^ ^^^■7]^ ^S.^ ^7} ^^7], «>£^1 % 

21] 

TIM- ^e^*>^ 4^ 4^s}-7ls ^^^^ 3.^. 

22] 

^119^^1] 9X^^^. ^7] ^^^^ ^^7]^ oi^^ si-^a-o^ :^Aij:^ ^^^}7] 

M ^Blsr>^ i^^J- iilcfl ^^7]S. ^A^^^ *m -2-1-. 
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Wavelength 
selective 
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143 
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devices 
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Wavelength 
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Wavelength 



AAAA 




Wavelength 



I I I I 

iiii 



Wavelength 
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Transmission 
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Wavelength 
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[£ 5cl 



UOA1 




SC3 



WS 



WSC1 



Mid-stage 
devices 




U0A4 



UOA2 



IS. 5dl 



_.^P1 



UOA1 



UOA3 
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WSC3 



Mid-stage 
devices 




UOA4 



UOA2 



IS. 5e] 



UOA1 



UOA3 



Cirl 
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WSC 



Mid-stage 
devices 
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[S. 6] 



UOA5 WSC7 UOA6 




UOA8 WSC8 UOA7 
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71 



OA1 OA3 




OA4 OA2 
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